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A BS T AWC T 

T h i s  r epor t  cosers t h e  p e r i o d  1 Febmcry 1361; to 1 March 1964. under 
C o n t r a c r  >:.X 9-543.3, which c a l l s  for  mc?lve mcnths of research  and 
developmxt of a high temperature t h e m o c o c p l e  capable of neasur ing  

condi t ions o r  os ida t ion ,  erosion,  v ib ra t ion  and shock. 
I rocke t  e n s i n e  ekhaust t empera tuxs  i n  The 3000°C range, under . c r se  

The  pTinary objecr ives  o r  t he  p r o g z m  a re  yo advaixe t h e  state-of-th’e 
a r t  0; high  texpera ture  thernornetry I 

I suitable ‘-or in -Fl ight  temperature masurements on t h e  SATURN veh ic l e .  
azd t o  Levelop an end product  

Three  07 t h e  second generat ion gaugzs were de l ive red  t o  N.A.S.A.  on 
26 Fekruary 1064. 
17CO‘F to  S400’F. 

Cal ibra t ions  of These gzuges were made from about 

A review of progress t o  d a t e  w a s  h e l d . i n  conference with M-ASTR I 
I personnel.  
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Report No. T-1097-9 
I 

SFCTICN I -- 

SU>XARY 

0 

1 0  P e r i o d  Coverer? 

T h i s  r epor t  covers t h e  p e r i o d  1 FeSrus ry  1 9 6 4  t o  1 March 1964.  

T’:p Conrractor s h a l l  z2vance t?e stake-of -the-art or h i g h  
t e m e r a z u r e  ’berKoFctry ar,d s D c r i f Z c a l l y  irxorove t h e  techxique 
of ~ ~ c x r a t e l y  neasurlnq :-5$? t e q 2 r a t u r e s  by d e s i p - i n g ,  f a b r i c a -  
t i n y .  T e s r i R ; .  srid Zel ivPr izg  riTz? (9) rherrnocouple probes 
c a ~ a b l e  of operar ioc  ir .  -FLe ’ O C r  ‘ C  t 2 m e r a t u r e  range under adverse 
cor.di’ioxs 0” erosion o x i Z a t i ’ o ~ s  a52 ?:gh stress l e v e l s  use-  
”ul nerioci of rlmc Also. Dresezr xe-\ooZs of thvmocouple  probe 
f a b r i c a t i o n  w i l l  be modif ied suc:? t h a t  rhe end product w i l l  be 
suitable f o r  i n - f l i f i 2 l t - t enpe ra~ure  measurements on t h e  SATURh’ 
\*eh i cl e 

To accon;plish t h e  abo\*e ob jec t ives  
and e m l o r e  s n e r i f i c  R & 3 e f f o r t s  as f o l l o ~ s :  

t h e  Contractor  s h a l l  consi.der 

a Develo?ment of r h e  q h y s i c a l  s:racture of an immersed probe 
t o  a t t a i n  minimum drag and h ighes t  r e s i s t a n c e  to bending 
and shea r  forces .  

L u. Asceriain t h e  besz coEhinarion of i ng red ien r s  i n  t h e  p r o -  
t e c t i v e  coa t ing  of t5e probe t o  extend t h e  t e r m  of oxida t ion  
r e s i s t a n c e  . 

c. Determine t h e  b e s t  combination of conyensated l e a d  w i r e s  
Cor use v i t h  t h e  immersioi-i tyoe probes. 

d. Incor3orate  l a t e s t  s tz te -of - t5e-ar t  r a t e r i a l s  as p o t t i n g  
and sealing elements i n  t h e  base of th2  probe. 

Page 1 
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1.1 Statement of Work (Contin) 

2 ,  Determine effects of r eac t ions  bemeen oxide coat ings  and 
rungsten in r e l a t i o n  t o  the emf output .  

f. Establishment of r a t e s  of e ros ion  f o r  d i f f e r e n t  t ypes  of 
r e f r a c t o r y  coa t ings  such as tungster.  A s i l i c i d e ,  ca rb ides  4 

1 and cermets when subjec ted  to high v e l o c i t y ,  high temper- 
I a t u r e  gas streams. 

L 

1.2 Progress  

._ a. 

b, 

C. 

Fab r i ca t ion  

Six of t h e  second ger2rarior. “172~ 4735 gauges were f a b r i c a t e d  
during t h e  c u r r e n t  r q o r t i n g  s c r i o d .  T h e e  GI these gauges 
S e r i a l  h’u?iSers 007,  OG8 and O C 9 ,  were de l ive red  t o  N.A.S.A. 
on 26 February 1964, 

Cal ibra t ions  ,. 

Cal ib ra t ions  were run ox t h e  second genera t ion  g2uges i n  t h e  
ACL high tem22rature e a l i b r a r i c n  oven, w i t ; ?  a micro-opt ical  
pyro;i;eter\. The h i g h e s ~  c e q e r a t u r e  c3i1 which a s t a b i l i z e d  
oat?ut  was obtained was 5430’7, t h e  upper l i m i t  of t h e  
Pyrometer. 

Conferences 

A discuss ion  of t h e  p ro jec t  t o  date was he ld  a t  ?I-ASTR I, 
Major p o i n t s  discussed were c a i i b r a t i o n s  and p r o t e c t i v e  
coat ings.  

, 

. -  
5 _ .  

Page 2 



Report No, T-1097-9 
* 

SECTION 11 

PAST PR3GRZ”;sS 

2.0 Gene-a1 

Previous e f f o r t  w a s  r e p m t e d  i n  ACI, Progress  Reports T-1097-> 
through T-1097-8. 

2.1 Prototype 92siw and DeveloFxeni 

0 

As w a s  previously repor ted ,  ob jecz ives  for t h e  first pro to types  
were l imi t ed  t o  t h e  4C03”F - 45L3’F ?age i n  t h e  i n t e r e s t  of 
accumulating t e s t  da t a  f o r  a n a i l s i s ,  t h e  r e s u l t s  t o  be u t i l i z e d  
i n  f u t u r e  design. 

A c e s i p  aprJroach f o r  t h e  ??otosype gauges was s e l e c t e d ,  and 
drawings pre;?area, ae ra i l i ng ’neans  of f a b r i c a t i o n  and assenbly.  

Tnves t iga t lons  made into fabFiea t ion  techr,iques involve2  i n  
wor!;ing varJor deposi ted Tungs ter,, r e s u l t e d  i n  improved m a t e r i a l  
handl ing techniques.  

Shock an2 v i b r a t i o n  tests,  performed QII a pro to type  rnock-Ep, r,e- 
s u l t e d  i n  a conclusion t h a t  t h e  s h e a t h m a t e r i a l  w a s  i n t r i n s i c a l l y  
capable of wi ths tanding  t h e  s p e c i f i e d  shock and v i b r a t i o n  r equ i r e -  
ments. 

Samples of var ious  types of compensation l e a d  wires were ordered 
f o r  t e s t  and eva lua t ion .  

An eva lua t ion  of t h e  SRI c a l i b r a t i o n  rests for ACL Type 4734 
gauges was made, r e s u l t i n g  i n  a conclusion t h a t  an optinurn immer- 
s i o n  ciepth might be i n  t h e  order of 1-1/2 inches i n  an i so thermal  
reg ion ,  

The two Ty-pe 4734 gauges t e s t e d  by N . A . S . A . ,  and r e tu rned  t o  ACL 
were exanined and r e s u l t s  of t h e  a m i n a t i o n  were repor ted .  

G 
?age 3 
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2.1 Prototype Desiqn and Development (Contin.) 

A t e s t  of a "no-insulation" approach was s t a r t e d ,  bu t  was 
aborted due t o  a failure i n  eha t e s r  oven. Such teste were 
subsequently continued. 

Three prototype gauges were dei iv2red to M-ASTR-I, on 17  October 
1963, f o r  t e s t  and evaluat ion.  2 a l i S ~ a t i o n  of t h i s  type  of gauge 
ind ica t ed  a s h i f t  i n  emf ou t?u t  IO a highep va lue  than  t h a t  shown 
i n  previous c a l i b r a t i o n s .  
i ous  emf con t r ibu ted  by t h e  "con?cnsated" l e a d  wires. 

The shifr was be l ieved  due t o  a spur-  
The cdrves ,  

however, p a r a l l e l e d  the  C U ~ V F ~ S  t&en  by Southern Research I n s t i t u t e ,  
as w e l l  as those p red ic t ed  by ACS. 

Fu r the r  t es t s  v e r i f i e d  t h e  presence of l e a d  w i r e  e r r o r s ,  

Analyses of form and shock drag IGZ~S were  made, 
be considered i n  f u t u r e  d2sigx. 

Inves t iga t ions  of oxidation r e s i s r a z t  caa t ings  were continued. 
Accumulated d a t a  was reviewed; '*ami t&bc:lated f o r  coinparison and 
re ference .  

Response tes ts  perforzed on one"i'y2,s 4735 gauge y ie lded  response 
a s  low a s  45 mil l iseconds from srAlenr a i r  t o  b o i l i n g  water .  
wi re  t e s r s  r2sulte.d ir. a conciusiori t h a t  t h e  thermocouple m a t e r i a l s  
should  be used i n  l e a d  extensions ?or best accuracy. 
t i g a t i o m  of oxida t ion  r e s i s t a n 1  c o a t i z g s ,  and i n s u l a t o r s  v e r i f i e d  
t h e  conclusion rsached i n  e x l i e = .  t e s t s .  
generat ion gauges was continued. 

The resu l t s  w i l l  

W 

Lead 

Fur the r  inves-  

Design of t h e  second 

Three second generat ion gzuges w , o m  &livereG t o  M-ASTR-I on 
26  February 1964 f o r  t e s t  axd evaluar ion.  T h ~ z  gauges incorpora ted  
zhemocoupie ma te r i a l s  as Lead w i r 2 ,  and e l imina t ion  of BE0 insula- 
t i o n  in t h e  Hot Zone. Cal ibra t ions  of t h i s  type  of gauge showed an 
inc rease  i n  t h e  upper temperature lhir, ana v i r t u a l  eliri-Lna-cion of 
l e a d  w i r e  e r r o r .  
va lues .  

emf ourput cmves  e s s e n t i a l l y  t r acked  p r e d i c t e d  

Psge 4 
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c -. 

3.0 

3 -1 

3.1-1 

0 

0 

3 -1.2 

3.1.3 

General 

E f f o r t  during the  CI 

SECTION I11 

CURqENT PROGRESS 

r r e n t  r e p o r ~ i n g  per iod was d i r e c t e d  p r i n b i p a l l y  
toward f a b r i c a t i o n  of the  t h r s e  s ecor.5 genera t ion  gauges scheduled 
f o r  de l ive ry  during February 1964, c a l i b r a t i o n s  i n  t h e  4OOO0F to 
5000°F temperature range, azd d e l i v e r y  of the  t h r e e  gauges. 

Progress 

Second GeneFation Gauges 

Six of t h e  T f l 2  4735 T h e r n a c o q l e  shearh assemblies weTe f a b i i e a t e d  
during the  repor: per iod.  Four of these  zssernblies-were assembled 
irrz3 the  conl” i~ra t ion .Besc . r iSeO i n  r e p o r t  No, T-1097-8, two were 
t;?.,L i n  reserve  f o r  f u t u r e  t c -s ts .  
were de l ive red  t o  N.A.S .A . ,  t he  o the r  was used fo r  c a l i b r a i d o q  and 
test .  

Of t h e  f o u r  assembled, t h r e e  

Delivery 

Three Type 4735, second generat ion gauges were de l ive red  to M-ASTR-I 
on 26 February 1964. These gauges bore ser ia l  Numbers 007, 008, arhd 
nnn 
W U - I .  

Cal ib ra t ions  

Two gauges were a v a i l a b l e  f o r  e a l i b r a r i o n  and tes t .  SerT-i Xo. 003 
was assembled with a shea th  fzcz t h e  fi=.s? run. The o t h e r ,  S e r i a l  
So.  010, was assembled w i t h  a shea th  f ~ o n  t h e  second run. The 
p r i n c i p a l  d i f f e rence  between t h e  ngo was a g r e a t e r  w a l l  thlckness 
i n  t he  second generat ion gauge shesths.  Th2 p r i n c i p a l  i n t e r e s t  i n  
c a l i b r a t i n g  t h e  t w o  gauges irrdsr t h e  sarne condi t ions  wzs to v e z i f y  
w h t h e r  it was poss ib l e  to duplicate t h s  out-pur c h a r a c t e r i s t i c s  of 
t h e  gauges between ruins, 
the c h a r a c t e r i s t i c s  of gaugss fabr icaxed  wlrh skeatlls froia a single 

?L*evious tests had 2aonslrated that 

# 



3.1.3 

Report No. T-1097-9 I 

Calibra  Zions (Contin.) 

zun were very c l o s e  t o  iden r i ca l .  However, t h e  ques t ion  of 
r e p e a t i b i l l t y  had been raised. by bath ACL and M-ASTR-I and a 
determinat ion was deemed advisable .  

3.1.3.1 Tes t  Nethod 

The c a l i b r a t i o n  oven described i n  rhe  l a s t  r e p o r t  w a s  used i n  
a l l  t h e  c a l i b r a t i o n s  reporred  here in .  
meter was s e t  up with a f o c a l  lexgr?., such t h a t  t h e  s tandard  
tungsten lamp could be cornpared ir, br igh tness ,  wi th  t h e  thermo- 
couple wi th in  t h e  c a v i t y  and i n  2rsxi ;ni ty  r a d i a l l y ,  wi th  t h e  ther- 
mocouple j x c t i o n .  Except as  noted, The b r igh tness  com2arisons 
were made only when t h e  thermocouple tip had been scanned and 
t h e r e  was no evidence of gradienzs.  S lnce  t h e  tungs ten  therrno- 
couple sheath was e n t i r e l y  enclosed wi th in  t h e  tungsten c a v i t y  
(with t h e  except ion of t h e  .Oh2 inch diameter s i g h t i n g  hole) it 
was assumed t h a t  no c o r r e c ~ i o n  f o r  emis s iv i ty  need be made. The 
very good agreement with the.€fGskiris and Englehard curves f o r  
Tungsten-Tungsten 2G76 iijleniui~Thernocou?ies a1 a l a r g e  n w b e r  of 
po in t s  seems t o  v a l i d i f y  .;his assuriprion. i rmers ion  depths  were 
recorded f o r  each run.. Since eke gaiuge s k a t h s  are r ape r sd ,  
r a t h e r  than c y l i n d r i c a l ,  t he  e f f e c r i v e  2 n . e r s i o n  depth i s  g r e a t e r  
than would be t h e  case w i t h  a c y l l r d r i c a l  gzuge, s i n c e  t h e  r a t i o  
of iTmersion depth t o  prohe dianzzcr ~ 7 0 ~ l i d  be c a l c u l a t e d  on t h e  
b a s i s  of t h e  mean shea th  d i axe te r  for. the immersion used. This. 
r a t i o  i s  est imated a t  s i x ,  r a rhe r  zhan fou r .  
ment w i t h  t h e  l i t e r a t u r e  on t h e  e f f e c t  of immersion depths is 
evidenced i n  t h e  c a l i b r a t i o n  curves.  
t h a t  i rmersion r a t i o s  of s i x  t o  t e n  be used. 

The micro-opt ical  pyrb- 

Again, good agree- 

The l i t e r a t u r e  recommends 

- .\ 0, VLrr +L- ---- -..L-.-L ---I?---- - ~ -  3 
A A A ' i  L ~ ~ C L I ~ i u C u u p ) - L c  U U L ~ U L  W ~ S  xeitji'eilcca Lv J L  t (ice bathj i n  a i i  
runs.  The output  was ngasured wi th  a Leeds & Northrup Type 8662 
P r e c i s i o n  Potent iometer .  

The output  curves f o r  t h r e e  h m r s i o n  depths ,  ,875 inch ,  1.00 2 : . 3  
and 1.25 inches a r e  shown i n  F igure  1. 

?age 6 
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3.1.3.1 Test Method (Contin.) 

The da ta  poin ts  taken aT  .875 inch immersion dur ing  Run No. 1, 
were taken with t h e  thermocouple enclosed i n  a graphite cavity. 
These were h a l t e d ,  however, and t e s t s  continued with t h e  tungsten 
s l u g ,  i n  Runs 2 ,  3 ,  and 4. The scpa ra t lon  apparea t  between t h e  
curves f o r  d i f f e r e n t  irriiiersion de?,ths is i n  good agreement wi th  
dara taken by SRI and ACL on e a r l i e r  probes. 

During t h e  runs ,  t h e  immersion de2ths were changed from 1.00 t o  
1 .25  h c h e s  s e v e r a l  t i x e s  t o  v e r i f y  t h e  r e p e a t i b i i i t y  of t he  two 
d i f f e r e n t  gauges. 
d i f f e r e n t  production runs .  

Thus, the  curves a r e  r e p r e s e n t a t i v e  of two 

0 

A t a b u l a t i o n  of t h e  da t a  ts'xen during t h e  runs i s  shown below i n  
Table I. A t a b u l a t i o n  of  :>e il'oskins C e r t i f i c a t i o n  f o r  t h e  w i r e  
L shown i n  Table I f .  it should be noted t h a t  t h e  h'oskins curve 
i s  f o r  t h e i r  l o t  KO. 5 Tuzgsten wlre  vs  Lot No. 2603 Tungsten- 
2676 Rhenium Alloy Nirs. 
Tungsten Rhenium a l l o y  wzs used, 'sur t h e  tungsten l e g  i s  made of 
thermochernically formed tuslgsten v h i c h  is of much grea"? p u r i t y  
than normal tungsten w i r e .  
output  c h a r a c t e r i s t i c  could be expected. 

The ACL ca l ibFa t ion  a t  1 . 2 5  inch izmeision shows a s imilar  rrhumprl 
i n  t h e  curve between 2000°F and 30GG'F as does t h e  Koskins curve.  
The reason f o r  t h i s  !'hmp" is no t  known. Data p o i n t s  we:*< n o t  
taken in t h i s  range during Pms Xo. 2 and 4 a t  1.00 inch irnersion. 
However, i t  is l i k e l y  t h a t  the ccrve would have taken t h e  same 
shape. 
although d i f f e rences  a r e  sesn ,  it is of i n t e r e s t  t h a t  agreement is, 
i n  genera l  good. 

I n  t n e  Type 4735 gauges, t h e  Lot  No. 2603 

Therefore ,  some S f f e r e n c e  i;i t h e  

The e a r l y  Englehard Curve is p l o t t e d  i n  F igure  1 and, 

Page 8 



Run so. 

1 
IS75 

T c *  A.-,te rs i on  

2 
1. OG" 

:me rs i on  

3 
1.25" 

I m e  rs ion 

TABLE I 

CALIBFG~TION - TWE 4735 GAUGE 

P y r o n e t e r  
"F 

& 32C.i  
2327 
2352 
2458 
2592 
2622 
2640 
IS86 
1058  
2052 
2057 
2 111 
1 7 9 6  
1854 

231s  . 
2566 
2651  
2813 
3 0 1 1  
3074 

(Ref, Junction - 32'F) 

ourput 
bit' 

14.  :c7 
15.45 
1 5 . 9 5  
1 7 . 2 5  
18 - 7 5  
1 9  - 57 
19 .95  
10.65 
li.94 
1 3  -53 
13.65 
14.66 
12 .75  * * -  

13.518 ' 

I9.12 
2 G * & 3  
22.75  
24.67 
28.02 
2 6 . 6 4  

Run No. 

3 

4 
1. GO" 

Irners ion 

Pyrometer 
"F 

3164 
3937 
4400 
497 5 
3596  
3614 
3 8 2 1  
42 08 
4289 
4830 
5430 

.. 

Page 9 

Output 
M I  

29 -62  
36.90 
3'9 (. 90 
4 2 - 7 0  
30.95 
31.60 
32.80 
35.83 
3590 
3 9 - 7 5  
43.43 

. . .  
1 
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January 8, 1964 

Auto-Control Laboratories Jnc. 
5251 W. Imperial Highway 
10s Angelss 45, Calif. 

A F F I D A V I T - - - - - - - - -  

double feet of .020" diameter This i s  to certify that t h e  
Tungsten versus  Tunsszen-26% Rhenium thermocouple wires shipped Jan. 8, 1964 
agains: your Order I7768 has . t h e  following.tenperature/enf 

30 

character i s t ics: 

Tuncjsten 
T il n CJ s t e n-2 5% 

EMF (,'-'$v.) 
. _. 

.237 . .. 
i -049  

Lot # 5 
Lot.# 2603 

.- 
Temperature ( O F )  

200 

EMF (Hv.)  

18.537 
20.875 . 
23.112 
25.Lc41 
27.530 
29i713 

33.805 
35 668 

39.185 

31 2393 

37.485 

Temcerzture (OF) 

2200 
2400 
2600 
2800 
3000 
3200 
3403 
3600 
3800 
4000 
4200 

.. 

400 
600 
303 

1000 
1200 
1400 
I600 
I800 
2000 

5.429 
7.297 
9.424 

1 I .583 
13.853 
16,159 

Any !IsSI?lty i;iiu'ei t h i s  a f f i d a v i t  i s  limited by t h e  
appearing on our General Order, 

terms and conditions 

KOSKI I\iS MANUFACTURl NG COMPANY 

TABLE I1 

S n l z s  Service Section 
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3.1.3-2 Sores  on Oven Operation 

The oven was q u i t e  e a s i l y  c o n t r o l l a b l e  up t o  about 4500°F. 
power w a s  increased beyond t h a t  point, g r e a t  ca re  must be exer-  
c i sed  i n  inc reas ing  tcmpeyature. A t  the  end of Run No. 3 ,  a 
r e l a t i v e l y  l a r g e  power increase  caused t h e  tungsten c a v i t y  t o  
melt and t h e  gauge t i p  was i n  t u r n  melted before  t h e  power could 
be c u t  back. 

As 

T h i s  same e f f e c t  was noteci ir! Run So. 4. Power had been i n t e r -  
rupted a t  t h e  4SOO"F po in t  a f t e r  t h e  output  was recorded. 
power was r e s t o r e d ,  a f a s t  nin-up was made, while t r a c k i n g  t h e  
c a v i t y  o p t i c a l l y  and a l s o  t r ack ing  t lne ou tput  on t h e  L & N 

. Potentiometer.  J u s t  a f t e r  the ~u:$ut reading  a t  43.43 m i l l i v o l t s  
was recorded, a s l i g h t  power i z c r e a s e  melted a hole  i n  t h e  s i d e  
of t h e  cav i ty .  Power was irrnediatply c u t  o f f ,  bu t  on coo l ing ,  it 
was found t h a t  t h e  gauge sheath w a s  fused  t o  t h e  i n s i d e  of t h e  
cav i ty .  The probe s t i l l  had. c o n t i n u i t y  a t  t h i s  p o i n t ,  
a t tempt  was made t o  remove t h e  gauge from t h e  c a v i t y ,  t h e  tis 
broke. 

I t  i s  of g r e a t  i n t e r e s t  t o  note  t ha r ,  even a f te r  c y c l i n g  t h e  gauge 
s e v e r a l  t imes during the  r c x ,  there w a s  no evidence of r e c r y s t a l -  
l i z a t i o n .  T h a t - i s ,  t h e  r a d i a l  grzin s t r u c t u r e  remained sma l l ,  
which i s  h ighly  d e s i r a b l e  i n  ~ ~ z s i d e - l f i g  t h a t  small g x i n  s i z e  is 
as soc ia t ed  with r e t en t io r ,  of s t r a g - t h  a t  e l eva ted  temperatures .  

After 

When an 

. .. 

L i t t l e  r e l i a b l e  background da ta  i s  ava i l ab le  regard ing  s t a b i l i t y  
of tuiigsten-tungsten 25  r h e n i m  themocosp le  
temperatures of i n t e r e s t .  X L  p lans  t o  conduct s t a b i l i t y  t es t s  
A A I  L ~ I C  ~ A C U  L U L U L ~ ' .  111 prepdrdiion f o r  such tests a l i r e r a r u r e  
search  has d i sc losed  a repopYk2 i n  which such i n v e s t i g a t i o n s  are 
discussed.  

a t  and n e a r  t h e  

2- L . l ^  _--- S . & .  

Figure 2 ,  reproduced from t h i s  Teport ,  shows t h e  effect  of 
temperature cyc l ing  a t e s t  thermocouple s e v e r a l  times i n  a hydrogen 
atmosphere. 
cycleci was 2300°C, which approaches t h e  temperatures of i n t e r e s t  

The h ighes t  t e m p r a t w e  t o  which t h e  thermocouple w a s  

* S t a b i l i t y  of R h e n i d T w g s t e n  Thermocouples i n  Hydrogea, Kcsther  & 
Lachman, ISA Journal, March 1960. 
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3.1.3.3 S t a b i l i t v  of I<-W26Re ThermoeouDles (Contin.) 

i n  t h i s  program. The authors  conclude t h a t  t h e i r  t e s t s  were 
of value i n  t h a t  t h e  e r r o r  of less than 4% a t  1000°C lessens 
t o  1.575 a t  1500°C and was not  d? tcc tab le  a t  2000OC. They 
be l i eve  t h a t  the  i n s t a b l l i f y  oSserv& d ~ i n g  these  t e s t s  is 
due e i t h e r  t o  changes i n  chemical o r  physical p r o p e r t i e s ,  o r  
t o  t h e  add i t ion  of i n p u r i t i e s  by -;he furnace  in which t h e  
thermocou?les were heated.  
of tungsten,  molybdenm and z i r c o n i m ,  and im2ur i t i e s  i n  the 
r e f r a c t o r i e s  of t h e  oven. 

of t:?c- contaminants. 
included i n  f u t u r e  r e p o r t s .  

The tcsxs  weze run in t h e  presence 
’ 

AC5 z p e e s  with t h e  authors  t h a t  -.. -lie t e s t s  nay be even more s i p . i f i e m t  because of t h e  presence 
R s s u l t s  of ACT stability t e s t s  will be 

.. 

I 
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SECTIGX IV 

PROGRAM FOR SEXT IETERVAL 

. 4  Objectives f o r  t h e  I n t e r v a l  1 Xarch 1 9 6 4  to 1 A p r i l  1964 are: 

a ,  Continue c a l i b r a t i o n s  i r i  the 4000°F t o  SYOOOF range. 

b. Continue t e s t s  of oxida t ion  r s s i s t a n t  coa t ings .  

c, Review design of body and irnersed por t ion  of gauges, 

c 

r 

. -  

- .  

1 -. 
i' 

... , . .. - -  . 
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5.0 Hours by Category 

Ca tegorv 

Engineering 

Clerical 

. Fabr i ca t ion  

Consulting 

Drsf t i n g  

?rev i o us 
Periods 

Current 
Period 

125.50 iG.0 

709.50 54.0 

20.50 - Q- 
. .. 

61.00.- - 
.- . - 0- 

To 
Date 

764.5 

- 

135.5 

763 .5 

20.5 

61.0 

?age 15 


